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Area-Efficient On-Chip Transient Detection Circuit
for System-Level ESD Protection Against

Transient-Induced Malfunction
Wen-Chieh Chen and Ming-Dou Ker , Fellow, IEEE

Abstract—A new on-chip transient detection circuit with supe-
rior area efficiency is proposed against the system malfunction
resulting from system-level electrostatic discharge (ESD) events.
With dual-latched structure, a better area efficiency can be
achieved by the reduced time constant inquiry. The proposed
transient detection circuit with a silicon area of 40 µm × 60 µm
has been fabricated in a 0.18-µm CMOS process with 1.8-V
devices. The detection sensitivity has been successfully verified
under ±200 V system-level ESD tests. To achieve the “Class
B” specification of IEC 61000-4-2 standard, the proposed tran-
sient detection circuit serves as a safety guard for the system.
Through the hardware/firmware co-design, the auto-recovery
procedure can be activated by the proposed transient detection
circuit sending out a warning signal. With the proposed tran-
sient detection circuit co-works with the system program, the
immunity level of microelectronic products against the electro-
magnetic compatibility (EMC) of ESD events can be effectively
improved.

Index Terms—Electrostatic discharge (ESD), system-level
ESD, electromagnetic compatibility (EMC), transient detection
circuit.

I. INTRODUCTION

W ITH the progress of CMOS technology development,
the reliability issues of electromagnetic compatibil-

ity (EMC) have gained more attentions. Electrostatic dis-
charge (ESD) events seriously threaten the silicon chips in
microelectronic products due to the reduced physical dimen-
sion of transistors and the degraded noise margin of logic
gates. In addition, with widely variety of applications, the
environment complexity also has a significant impact on the
reliability of microelectronic system [1]. Unfortunately, such
electrical interferences are inevitable challenges in rigorous
environments. For example, the explosive growth of wireless
interfaces in IoT environments challenges the ESD protection
design in IoT devices [2]. In this case, the microelectronic
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Fig. 1. The measured transient voltage waveforms on power line (VDD) and
ground line (VSS) of a microelectronic system during +2 kV system-level
ESD test. The fast ringing waveform is zoomed in the right-side figure.

systems are extremely vulnerable to ESD-induced transient
disturbances and easily frozen or upset.

During system-level ESD events, the induced high-voltage
and fast electrical transients often couple randomly into power,
ground, and input/output (IO) ports of CMOS ICs inside the
microelectronic products. Besides, the current injection could
also induce voltage fluctuations on power and ground lines
due to parasitic inductance on coupling path. Fig. 1 shows the
voltage perturbations on the power line (VDD) and ground line
(VSS) in a microelectronic system under +2 kV system-level
ESD test. The underdamped sinusoid of ESD stress oscillates
seriously and ceases eventually. With the large noise on sup-
ply voltage, the system operation can easily be subjected and
may suffer from frozen state or unexpected data loss after the
interferences [3]. By classifying the response of the equipment
under test (EUT), the IEC 61000-4-2 standard has specified
the electromagnetic susceptibility (EMS) immunity criteria for
the system-level ESD test, which is shown in Table I [4]. In
order to fulfill the strict reliability requirements for IC indus-
try, the microelectronic products are generally suggested to
pass the criterion of “Class B.”

Though the CMOS ICs passed the component-level ESD
tests, the microelectronic system would still struggle with
permanent damage or system malfunction from system-level
ESD interferences [5]. Thus, on-board solutions for system-
level protection often add discrete voltage-suppressing compo-
nents or noise-bypassing components onto the printed circuit
board (PCB) [6]. In addition, the on-chip protection design
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TABLE I
EVALUATION OF SYSTEM-LEVEL ESD TEST RESULTS [4]

Fig. 2. Prior design of a transient detection circuit [10].

for system-level ESD has been investigated to reduce the
area occupancy and improve ESD robustness of internal circuit
in ICs [7], [8]. Although with these protection methods, ICs
can survive from high current induced by system-level ESD,
soft failures still easily occur with supply voltage fluctuation.
To meet the specification of “Class B,” transient detection cir-
cuits had been studied [9]–[12]. Once the transient detection
circuit is aware of disturbances on power line or ground line,
the warning signal is given out to perform recovery procedure
of microelectronic system.

RC network is traditionally used in the transient detec-
tion circuit to identify the fast-electrical transients because of
the quantitative time constant [11]. To rigorously monitor the
noise on the power rails, numbers of transient detection cir-
cuit should be placed on the power rails spreading around
the IC. With the pursuit of ICs area efficiency, regenerative
feedback network was applied for time constant reduction in
previous literatures to reduce the total area occupancy of tran-
sient detection circuits [13], [14]. The feedback network holds
up the detection result, allowing the RC network to free from
time-out.

Fig. 2 shows the prior design of a transient detection circuit.
Two 0.5-pF coupling capacitors are added from the two output
nodes of a latch to the power and ground, respectively. Once
the disturbance occurs on the power/ground lines, with the help
of the coupling capacitors, the latch changes its logic state
from the initially stored state. Though the design dissipated
the use of resistor, the two on-chip capacitors still occupy
considerable area in silicon. Moreover, the detection sensitivity
of ±1.5kV still has a room for improvement.

In this work, a on-chip transient detection circuit is
proposed. With the dual-latch structure, the required time con-
stant can be greatly reduced for silicon area efficiency [15].
The proposed transient detection circuit has been investi-
gated by HSPICE simulation and fabricated in a 0.18-μm
CMOS process with 1.8-V devices. The detection abil-
ity has been successfully verified by system-level ESD
tests.

II. NEW TRANSIENT DETECTION CIRCUIT

The proposed transient detection circuit is designed to detect
and memorize the occurrences of the system-level ESD events.
The initial output state of the transient detection circuit is logic
“1” of 1.8-V voltage level. When the power lines undergo an
EMI event due to system-level ESD, the output logic state of
the proposed detection circuit will be transited to the logic “0”
of 0-V voltage level.

A. Circuit Implementation

With an inspiration of [16], the proposed transient detec-
tion circuit is fully realized by MOSFETs, as illustrated in
Fig. 3. The transient detection circuit contains two parts. One
is a memory cell with a dual-latch structure and the other is
a reset unit for initialization. The dual-latch structure is com-
posed of two groups of cascoded NMOSFETs (MN1 + MN2
and MN3 + MN4) and the other two groups of cascoded
PMOSFETs (MP1 + MP2 and MP3 + MP4). The gate termi-
nals of the four NMOSFETs or PMOSFETs are individually
connected to different internal nodes (A-D) to form a double-
regenerative feedback network. The reset unit controlled by
a “RESET” signal contains two diode-connected MOSFETs
(MP5 and MN5) and an inverter (MP6 + MN6).

Under the normal power-on operation, the “RESET” signal
of 1.8 V (VDD) activates the reset operation. Thus, the node
A is charged by MP5 to high voltage level of logic “1.” With
the operation of the inverter, the node D is defined to low
voltage level of logic “0” by MN5. Thanks to the dual-latch
structure, the node B is consequently discharged by MN2 to
0 V (VSS) of logic “0.” Likewise, MP3 in conduction state
charges the node C to 1.8 V (VDD) of logic “1.” Therefore,
the output voltage (VOUT) through a buffer is biased at 1.8 V
(VDD) of logic “1.”

During system-level ESD events, the power and ground are
subjected to random electromagnetic interferences. When the
voltage on power line rapidly ramps up due to the system-level
ESD stresses, the inverse logic states are stored in the four
internal nodes due to the equivalent resistance and capacitance
between power and ground. For example, to effectively detect
the fast electrical transient, the dimensions of MN1 and MN4
are designed larger than MN2 and MN3, respectively. Hence,
the node A tends to low potential and the node B behaves
conversely. Similarly, the dimensions of MP1 and MP4 are sep-
arately designed larger than MP2 and MP3 to pull up the node
D and pull down the node C easily. To further analyze the
circuit operation under the system-level ESD stresses, on per-
spective of the node D, MP1 with relatively large capacitance
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Fig. 3. The proposed area-efficient transient detection circuit realized with dual-latch structure.

Fig. 4. The relation between ratio of device width of cascoded MOSFETs
and the detection sensitivity.

immediately introduces ESD current to the node D. In addi-
tion to the large induced current on MP1, the logic state can
be easily converted to “1” due to MP2 in subthreshold state.
With the dual-latch structure, the logic state at the rest of
three internal nodes can be changed instantly once the node
D is charged over the logic threshold voltage. Consequently,
VOUT can be transferred immediately to 0 V (VSS) of logic
“0” from 1.8 V (VDD) of logic “1” after system-level ESD
interferences and stably hold at logic “0” before the next reset
cycle.

Fig. 4 plots the relation between the device width ratio
of cascoded MOSFETs and the detection sensitivity which
defined by the minimum amplitude of the simulated ESD
stress. For each group of cascoded MOSFETs in blue dash
block, the dimension of the MOSFET in gray area is chosen
to be two times larger than the other MOSFET for the rea-
sonable detection sensitivity. Table II lists the dimensions of
devices used in the dual-latch structure of the proposed detec-
tion circuit. With the designed dimensions of the cascoded
MOSFETs, the proposed transient detection circuit can effi-
ciently detect and memorize the occurrences of ESD-induced
fast electrical transient.

TABLE II
DEVICE DIMENSIONS IN THE DUAL-LATCH STRUCTURE

B. HSPICE Simulation

The EMI characteristics induced from system-level ESD
have been investigated [9]. To simulate the observed wave-
forms of the interferences in Fig. 1, the underdamped sinu-
soidal voltage source with damping frequency of 60 MHz and
the calculated damping factor of 1×107 S−1 is used in the
HSPICE simulation. Due to the routing placements of power
lines and ground lines on PCB vary from design, EMI coupling
paths to VDD and VSS pins are usually different. Therefore, in
consideration of the complexity varies from different systems
and environments, the 10 ns delay time between the two dis-
turbances on power and ground is set in the simulation. Under
the normal power-on operation, the initial dc voltages of VDD
and VSS are set at 1.8 V and 0 V. The voltage amplitude of
+8 V as the positive-going ESD transient is applied on VDD.
In addition, the voltage amplitude of +2 V is applied on VSS.
On the contrary, for negative-going ESD transient simulation,
the voltage amplitude of −8 V is applied on VDD and −2 V
on VSS.

Figs. 5(a) and 5(b) accordingly show the VDD, VSS, RESET,
and VOUT waveforms of the proposed transient detection cir-
cuit under the positive and negative system-level ESD tests.
VOUT is initially kept at 1.8 V (VDD) and waits for distur-
bances induced on VDD and VSS. When the VDD and VSS
are subjected to the system-level ESD stresses, the VOUT is
disturbed simultaneously with the corresponding positive or
negative fast electrical transient. At the same time, the transient
detection circuit is aware of the occurrence of the disturbance
and changes the output logic state (VOUT) right after the first
peak of the transient. As a result, after the system-level ESD
disturbance ceased, VDD and VSS finally recover to the sta-
ble voltage levels, VOUT is transited to 0 V (VSS) of logic
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(a)

(b)

Fig. 5. Simulated voltage waveforms of the proposed transient detection
circuit under (a) positive and (b) negative system-level ESD transient tests.

“0” from 1.8 V (VDD) of logic “1.” After the detection, the
RESET signal is sent to start the next detection period.

Figs. 6(a) and 6(b) describe the voltage change of the four
initial nodes during the system-level ESD stress. At the initial
state, the threshold voltage limits the voltage level at node A to
1.7 V due to subthreshold current in the dual-latch structure
where NMOSFETs connected to VDD. In the same way, the
voltage level of node D is limited to 0.1 V as the PMOSFETs
are connected to VSS. Therefore, the voltage levels at node A
and node D are surely able to keep MP4 and MN1 off.

Since the ESD-induced EMI is unpredictable, the damping
frequency of the system-level ESD stresses is usually in the
order of megahertz which decided by factors of the systems
and environments. The detection sensitivity which is defined
by the minimum detection amplitude is directly affected by
the damping frequency for the rise time of the first oscillated
cycle. Fig. 7 shows that the correlation of the detection sen-
sitivity and the damping frequency. The proposed transient
detection circuit is sensitive with the fast transient of the ESD
stresses with damping frequency ranges from tens to hun-
dreds of megahertz. The detection mechanism origins from
the time difference between the rise time of induced fast tran-
sient and the RC time constant of the detection circuit. Thus,
the detection sensitivity degrades when the damping frequency
reduces.

(a)

(b)

Fig. 6. The simulated waveforms of the four internal nodes and RESET
signal under both positive and negative system-level ESD stresses.

Fig. 7. The correlation between detection sensitivity and damping frequency
of the simulated system-level ESD stresses.

III. EXPERIMENTAL RESULTS

The proposed transient detection circuit had been fabri-
cated in a 0.18-µm CMOS process with 1.8 V devices. The
microphotograph of the test chip is shown in Fig. 8, where the
occupied silicon area is 40 µm × 60 µm. The system-level
ESD test with indirect contact-discharge mode is performed to
verify the function of the proposed transient detection circuit.

The measurement setup referenced from the IEC 61000-4-2
standard is illustrated in Fig. 9 [4]. The voltage waveforms
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Fig. 8. The microphotography of the proposed transient detection circuit
fabricated in a 0.18-µm CMOS process.

Fig. 9. Measurement environment of the system-level ESD tests.

of VDD, VSS, and VOUT are monitored simultaneously by
a digital oscilloscope. A wooden table stands on the ground
reference plane (GRP). The EUT is isolated from the horizon-
tal coupling plane (HCP) by an insulation pad. The HCP 85is
connected to the GRP with two 470-k� resistors in series.
The ESD gun serves as a system-level ESD generator, whose
discharge return cable should be connected to the GRP.

According to the standard, the indirect contact-discharge
mode typically performed at the edge of the HCP, as shown in
Fig. 9. The electrical transients from ESD gun couple through
HCP into the power pins of the CMOS ICs inside the EUT.
A 16-nA standby current is observed due to the voltage levels
of the node A and node D.

The measured VDD, VSS, and VOUT waveforms under pos-
itive and negative system-level ESD tests are presented in
Figs. 10(a) and 10(b), respectively. VDD and VSS are set at
1.8 V and 0 V by the power supply. VOUT is initialized to 1.8 V
under normal operating condition. The minimum zapping volt-
age supported by the ESD gun of ±200 V is applied on the
proposed transient detection circuit. The transient responses of
VDD, VSS, and VOUT under the +200 V ESD tests are shown
in Fig. 10(a). As a system-level ESD event occurs, both VDD
and VSS are disturbed by the injection of fast transient noises.
The potential on VDD, VSS, and VOUT ramp up simultaneously.
After the system-level ESD ceased, the voltage levels on VDD
and VSS recover to 1.8 V and 0 V, respectively. However,
the potential on VOUT is transited to 0 V from 1.8 V, which
means that the output logic state is converted to logic “0” from
logic “1.” In the expectation, under an ESD zapping voltage
of −200 V, the voltage levels of VDD, VSS and VOUT rapidly
decrease, as shown in Fig. 10(b). The voltage levels of VDD
and VSS finally turn back to the initial bias, whereas VOUT is
changed and retain at 0 V. The measurement results indicate

(a)

(b)

Fig. 10. The measured VDD, VSS, and VOUT waveforms under (a) +200 V
and (b) −200 V system-level ESD tests.

that, the proposed on-chip transient detection circuit can suc-
cessfully identify and record the occurrences of system-level
ESD events. The detection sensitivity of the proposed circuit
is proven to be at least ±200 V, which is sufficiently support
the minimum test level of ±2 kV defined in the IEC 61000-
4-2. The comparisons of this work among the prior arts are
listed in Table III.

IV. SYSTEM APPLICATION

In order to achieve the criterion “Class B,” auto-recovery
without user intervention, the proposed transient detection cir-
cuit is co-designed with firmware. The flowchart of firmware
operation co-worked with the proposed transient detection
circuit is depicted in Fig. 11. During the power-on reset
operation, the output of the transient detection circuit is
initialized to logic “1.” After that, the transient detection cir-
cuit guards against the system-level ESD interruption. The
detection result (VOUT) of the on-chip detection circuit is tem-
porarily stored as an index for firmware to check the safety
of the microelectronic system. The reset operation proceeds to
normal operation if the safety index is “1.”

Once a system-level ESD event occurs, with the function of
the detection circuit, the safety index will be changed to logic
“0” and followed by reset procedure. Additionally, a feedback
signal will also conduct the reset procedure to initialize the
transient detection circuit. Therefore, the normal operation can
be performed again without any operator intervention. During



368 IEEE TRANSACTIONS ON DEVICE AND MATERIALS RELIABILITY, VOL. 19, NO. 2, JUNE 2019

TABLE III
COMPARISON OF THIS WORK WITH PRIOR ARTS

Fig. 11. The application flowchart of hardware/firmware co-design for
system-level ESD protection with the proposed transient detection circuit.

the normal operation, the safety index should be checked fre-
quently. Applying this hardware/firmware co-design flowchart,
the Class-B specification of auto recovery in IEC 61000-4-
2 standard can be successfully met for the microelectronic
products. As a result, the system-level ESD robustness of
microelectronic products can be improved.

V. CONCLUSION

An area-efficient on-chip transient detection circuit for
micro-electronic systems against system-level ESD has been
proposed and verified in a 0.18-µm CMOS process. The
measurement results have successfully demonstrated that the
detection circuit manages to detect the disturbances on VDD
and VSS under ±200V system-level ESD tests. Moreover,
the dual-latch structure in the proposed transient detection
circuit achieves better silicon area efficiency. With hard-
ware/firmware co-design between the detection circuit and
system program, the auto-recovery procedure can be exe-
cuted for the “Class B” criterion. For recent applications with

increasing complexity, the proposed solution is beneficial to
protect the microelectronic system against transient-induced
interruptions.

REFERENCES

[1] M.-D. Ker and Y.-Y. Sung, “Hardware/firmware co-design in
an 8-bits microcontroller to solve the system-level ESD issue
on keyboard,” in Proc. EOS/ESD Symp., 1999, pp. 352–360.
doi: 10.1109/EOSESD.1999.819083.

[2] J. A. Salcedo, S. Parthasarathy, and J.-J. Hajjar, “Power supply
clamp for multi-domain mixed-signal SiGe BiCMOS applications,”
in Proc. IEEE Int. Rel. Phys. Symp., 2013, pp. 2B.3.1–2B.3.6.
doi: 10.1109/IRPS.2013.6531948.

[3] N. A. Thomson, Y. Xiu, and E. Rosenbaum, “Soft-failures induced by
system-level ESD,” IEEE Trans. Device Mater. Rel., vol. 17, no. 1,
pp. 90–98, Mar. 2017. doi: 10.1109/TDMR.2017.2667712.

[4] EMC—Part 4-2: Testing and Measurement Techniques—Electrostatic
Discharge Immunity Test, IEC Standard 61000-4-2, 2008.

[5] M.-D. Ker and S.-F. Hsu, “Component-level measurement for transient-
induced latch-up in CMOS ICs under system-level ESD considerations,”
IEEE Trans. Device Mater. Rel., vol. 6, no. 3, pp. 461–472, Sep. 2006.
doi: 10.1109/TDMR.2006.882203.

[6] M. Montrose, Printed Circuit Board Design Techniques for
EMC Compliance. Piscataway, NJ, USA: IEEE Press, 2000.
doi: 10.1109/9780470545676.

[7] M.-D. Ker, “Whole-chip ESD protection design with efficient VDD-
to-VSS ESD clamp circuits for submicron CMOS VLSI,” IEEE
Trans. Electron Devices, vol. 46, no. 1, pp. 173–183, Jan. 1999.
doi: 10.1109/16.737457.

[8] M.-D. Ker and K.-C. Hsu, “Overview of on-chip electrostatic discharge
protection design with SCR-based devices in CMOS integrated circuits,”
IEEE Trans. Device Mater. Rel., vol. 5, no. 2, pp. 235–249, Jun. 2005.
doi: 10.1109/TDMR.2005.846824.

[9] N. Thomson, C. Reiman, Y. Xiu, and E. Rosenbaum, “On-chip monitors
of supply noise generated by system-level ESD,” in Proc. EOS/ESD
Symp., 2017, pp. 1–10. doi: 10.23919/EOSESD.2017.8073451.

[10] M.-D. Ker, C.-C. Yen, and P.-C. Shin, “On-chip transient detec-
tion circuit for system-level ESD protection in CMOS integrated
circuits to meet electromagnetic compatibility regulation,” IEEE
Trans. Electromagn. Compat., vol. 50, no. 1, pp. 13–21, Feb. 2008.
doi: 10.1109/TEMC.2007.911911.

[11] M.-D. Ker and C.-C. Yen, “New transient detection circuit for on-chip
protection design against system-level electrical-transient disturbance,”
IEEE Trans. Ind. Electron., vol. 57, no. 10, pp. 3533–3543, Oct. 2010.
doi: 10.1109/TIE.2009.2039456.

[12] X.-R. Kang and M.-D. Ker, “Self-reset transient detection circuit for
on-chip protection against system-level electrical-transient disturbance,”
IEEE Trans. Device Mater. Rel., vol. 18, no. 1, pp. 114–121, Mar. 2018.
doi: 10.1109/TDMR.2018.2805184.

[13] J. C. Smith and G. Boselli, “A MOSFET power supply clamp with
feedback enhanced triggering for ESD protection in advanced CMOS
technologies,” in Proc. EOS/ESD Symp., 2003, pp. 1–9.

http://dx.doi.org/10.1109/EOSESD.1999.819083
http://dx.doi.org/10.1109/IRPS.2013.6531948
http://dx.doi.org/10.1109/TDMR.2017.2667712
http://dx.doi.org/10.1109/TDMR.2006.882203
http://dx.doi.org/10.1109/9780470545676
http://dx.doi.org/10.1109/16.737457
http://dx.doi.org/10.1109/TDMR.2005.846824
http://dx.doi.org/10.23919/EOSESD.2017.8073451
http://dx.doi.org/10.1109/TEMC.2007.911911
http://dx.doi.org/10.1109/TIE.2009.2039456
http://dx.doi.org/10.1109/TDMR.2018.2805184


CHEN AND KER: AREA-EFFICIENT ON-CHIP TRANSIENT DETECTION CIRCUIT FOR SYSTEM-LEVEL ESD PROTECTION 369

[14] J. C. Smith, R. A. Cline, and G. Boselli, “A low leakage low cost-PMOS
based power supply clamp with active feedback for ESD protec-
tion in 65nm CMOS technologies,” in Proc. EOS/ESD Symp., 2005,
pp. 298–306.

[15] W.-C. Chen and M.-D. Ker, “On-chip transient detection circuit for
microelectronic systems against electrical transient disturbances due to
ESD events,” in Proc. IEEE Region 10 Symp., Sydney, NSW, Australia,
Jul. 2018, pp. 30–33.

[16] S. Whitaker, J. Canaris, and K. Liu, “SEU hardened memory cells for a
CCSDS Reed–Solomon encoder,” IEEE Trans. Nucl. Sci., vol. 38, no. 6,
pp. 1471–1477, Dec. 1991. doi: 10.1109/23.124134.

Wen-Chieh Chen received the B.S. and M.S.
degrees from National Chiao-Tung University,
Hsinchu, Taiwan, in 2016 and 2018, respec-
tively. She is currently pursuing the Doctoral degree
with KU Leuven. Her research interests include
system-level ESD protection and surge protection
design.

Ming-Dou Ker (F’08) received the Ph.D. degree
from the Institute of Electronics, National Chiao-
Tung University, Hsinchu, Taiwan, in 1993, where
he is currently a Distinguished Professor and the
Director of Biomedical Electronics Translational
Research Center. He is currently serving as an Editor
for the IEEE TRANSACTIONS ON DEVICE AND

MATERIALS RELIABILITY and an Associate Editor
for the IEEE TRANSACTIONS ON BIOMEDICAL

CIRCUITS AND SYSTEMS.

http://dx.doi.org/10.1109/23.124134


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingBats
    /ZapfDingbatsITCbyBT-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


